Introduction: About 25% of ovarian cancers can be classified as hereditary. Of these, 80-90% are correleted with the Hereditary Breast-Ovarian Cancer Syndrome (HBOC), which is linked to BRCA 1/2 genes mutations. Our study was set up to study the BRCA-mutation incidence in Apulian population affected with ovarian cancer and to understand the characteristics of the ovarian disease BRCAmut-related.
INTRODUCTION
Ovarian cancer is the second most commonly diagnosed gynaecological cancer worldwide, and the first leading cause of cancer death in females in the western countries [1] . Ovarian malignancies can arise as primary lesions or could be secondary to other neoplasms. About 70% of ovarian tumors originates from the epithelium, while the remaining part starts from the ovarian stromal structures [2] . Ovarian cancer is a silent disease, diagnosed in advanced phase: the clinical onset of the neoplastic disease is characterized by non-specific symptoms (like asthenia, abdominal tension, weight loss). This explains the poor prognosis (only 40% of the patients are still alive after Research Paper www.oncotarget.com five years from the diagnosis) [3] . Screening strategies in our possession (like pelvic ultrasound, CA-125 levels) are considered poorly effective (UKCTOCS trial [4] , ADNEX-MODEL [5] , IOTA [6] ).
About 25% of ovarian cancers can be classified as hereditary. A small part of these is linked to hereditary syndromes, like Lynch Syndrome (type 2), Peutz-Jeghers, Cowden and Li-Fraumeni syndrome; however about the 80-90% of these hereditary ovarian cancers are connected with the Hereditary Breast-Ovarian Cancer Syndrome (HBOC), which causes 10% of all the breast cancers, 20% of all the ovarian cancers, and is linked to BRCA 1/2 genes mutations [7] .
The risk of breast/ovarian cancer in the BRCAmutation carriers is higher than that of the general population. In addition to the genetic risk, the classical risk factors of ovarian carcinoma including advanced age, nuliparity, endometriosis, obesity and personal or family history of neoplasms increase the risk of ovarian cancer [8] .
The BRCA 1/2 genes were discovered on 17q12-21 and 13q12-13 between 1994 and 1995, by the British geneticist M.C. King et al. [9] , and are mainly involved in DNA repair, but also in the replication fork functioning and cell cycle checkpoints [10] .
Besides the HBOC, BRCA 1/2 mutations are responsible for an increased susceptibility to other neoplasms, like prostate cancer, pancreatic cancer, malebreast cancer [11] and also melanoma [12] .
A high percentage of BRCA-mutation carriers was found in populations characterized by the so called "founder effect. The founder effect is a phenomenon caused by the so called "inbreeding", that is, the mating (or breeding) between individuals that are genetically closely related or blood relatives. This could happen in some populations that live isolated, for example due to geographical or religious reasons: by continuous inbreeding, we arrive to the founder effect, based in a partial loss of genetic variability in a new population developed from a small number of individuals [13] .
If a pathologic mutation was present in this little number of founders, the expression of deleterious genes will be increased in their descendants. For example this happened in populations like the Ashkenazi Jews (characterized by a high percentage of BRCA 1 mutation carriers) [14] and in the Icelandic people (where an abnormal number of BRCA 2 mutations is found [15] .
The aim of our study was to examine the association between the founder effect and the incidence of BRCAmutation in Apulian population affected with ovarian cancer and to understand the characteristics of BRCAmutrelated ovarian cancer.
RESULTS

Genetic tests results
One hundred and five Apulian patients affected by ovarian cancer with serous high-grade histotype, were collected. Thirty-nine percent of the patients (n = 41) tested positive for BRCA 1/2 mutations.
Of these, BRCA 1 mutation was present in the 71% (n = 29) of all the mutated patients whereas the remaining 29% (n = 12) were BRCA 2-mutated.
The mutational pattern of the two genes is quite varied, and some mutations are more common than others. The most common mutation is caused by a cytosine insertion (c.5263_6264insC), followed by a substitution (c.65T > C); both these mutations are borne by BRCA1 gene.
c.5263_6264insC constitutes 22% of all the mutations and 31% of BRCA 1 mutations (n = 9), while c.65T > C constitutes 12% of all the mutations and 17% of BRCA1 mutations (n = 5).
In case of BRCA 2, the most common mutation is a TA-deletion (c.5796_5797delTA), which constitutes 25% (n = 3) of BRCA 2-mutations.
Median age of onset
The median age of the wild type patients was 60 (range, 33, 85) and that of the BRCAmut patients was 53 (range, 35, 78). Particularly, the median age of onset in the BRCA 1-mutated is 51, while in the BRCA 2-mutated is 56.
Staging and grading at diagnosis
In most cases, the ovarian neoplasm was diagnosed in advanced stage (stage III-IV). Particularly, 78% (n = 50) of the neoplasms in wild type patients and 68% (n = 28) in BRCAmut patients were diagnosed in advanced stage. The remaining part of ovarian cancers were diagnosed in stages I or II. Regarding the grading, both the sub-groups of patients are characterized by a majority of high-grade tumours (G3). Particularly, 86% (n = 55) of tumours in wild type patients are G3 grade, while this percentage is 90% (n = 37) in BRCAmut patients subgroup. The remaining cases had a grading G2.
Mortality rate
Twelve of 105 patients are deceased during the study. Four of these belonged to the sub-group BRCAmut patients (10% of all the mutated patients), while the other 8 were wild type (13% of this sub-group). The cause of death was always linked to the neoplastic disease, while no patients died due to comorbidities or other causes.
Survival analysis results
The mean PFS survival time was 27 months for wild type patients and 34 months for the BRCAmut patients. However, the Kaplan-Meier survival analysis (log-rank test) indicated there was no statistically significant PFS difference between the wild type patients and BRCAmut patients (P > 0.05) (Figure 1 ). BRCAmut patients with neoplasms diagnosed in advanced stages presented a mean PFS value of 30 months, while this value was 21 months in wild type patients with the same features. However, the test of equality (log-rank test) considered this difference as non-significant (p value > 0.05).
The mean OS time for the wild type patients was 38 months compared to 87 months in BRCAmut patients. The Kaplan-Meier survival analysis indicated there was statistically significant difference in OS between the two groups (P = 0.03) (Figure 2) .
The mean OS time of BRCAmut ovarian cancer patients with advanced stage was 102 months, while that of the wild type ovarian cancer patients with advanced stage was 34 months (P = 0.04).
In the same way, the results about overall survival in high grade tumors showed a mean OS time of 87 months for BRCAmut patients versus 34 months for wild type patients. This showed a positive trend however this difference was considered non-significant by test of equality (p value > 0.05) probably due to the necessity of expanding the sample group.
To examine the variables identified as important in univariate analyses further, a multivariate analysis was performed. BRCA mutation and stage remained as a significant independent poor prognostic factor for survival in our patient population (Table 1) .
DISCUSSION AND CONCLUSIONS
Results of our study showed that Apulia is a region with a significant BRCA-mutation incidence in the population affected by ovarian cancer, since we observed an incidence of 39%, that is larger than that typically observed in the general Italian population. In fact in Italy, 4-20% of the identified mutations recurred among apparently unrelated families, and significant regional founder effect has been demonstrated for few mutations [16] [17] . More or less elevated variations of this percentage are known in medical literature: they are linked to particular geographical areas, such as Israel (32%), Sweden (8%), Fiji Islands (17%), Florida (16%). Another important cause of incidence variation is the so- called "inbreeding" that leads to the phenomenon known as "founder effect".
We identified a total of 41 BRCA1 and BRCA2 mutations. The c.5263_6264insC mutation accounts for 31% and c.65T > C mutation for 17% of families with BRCA1 mutations. On the other hand we found that c.5796_5797delTA mutation accounts for 25% of the BRCA2 positive families. From our results, the three mutations appear to be an unique founder mutations in the Apulia region.
Data from our study showed that BRCA mutated ovarian cancer patients were diagnosed at a mean age of 53 years; these ages are less than the average age at onset of wild type ovarian cancer which showed to be of 60 years. More specifically, BRCA1 mutated patients had a median age of onset of 51 whereas BRCA 2-mutated patients had a median age of onset of 56 years. Our study also revealed that the majority of BRCA mutated patients had G3 disease and are diagnosed in an earlier stage. Moreover, we found a better outcome in terms of overall survival for BRCA mutated ovarian cancer patients compared to the wild type women. In fact the overall survival for the mutated group was 87 compared to 38 months for the control group. These differences were also showed after stratified for stage and grade. On the other hand, the progression free survival was not different between the two groups and this probably due to the necessity of expanding the sample group.
Our results showing a better outcome in terms of overall survival for BRCA mutated ovarian patients confirmed what has been recently published [18] . This may be explained based on several factors such as the major response to the platinum compounds observed for BRCA mutated patients and in addition the sensibility of this disease to the targeted-therapy based on PARPinhibitors (such as olaparib). On the other hand, for other tumors this correlation between BRCA mutation and favorable prognosis has not been observed. In fact, some authors described a worse prognosis in breast cancer patients which are mutated in BRCA gene [19, 20] .
The identification of BRCA1 and BRCA2 mutation carriers and the individualized risk assessment is an important procedure that is growing in clinical setting since management protocols for mutation carriers become well established and proven life-saving, risk-reducing preventive medical interventions exist. When a mutation is identified in a family, an oncogenetic test with predictive information should be presented to all the members of the family. For this reason, oncogenetic testing is showing to be a strong therapeutical predictive tool, as new target therapy, such as PARP inhibitors emerge and chemosensitivity to platinum based therapy is documented. Knowledge about mutation distibution diversity is important not only for the consideration of country specific cost-efficient strategy for mutation screening, but also for the ovarian cancer control and prevention through more liberal, yet rational, genetic testing and counseling in a globalized landscape of postmodern Europe. The identification of individuals with high risks will be useful for the earlydetection of the neoplastic disease. Therefore, we hope that the early-detection of the tumor associated with the increasing role of targeted-therapy such as PARP-inhibitors will give more chance of cure to women affected by ovarian cancer.
MATERIALS AND METHODS
Study participants
Inclusion criteria After genetic counselling and informed consent, carried out between 15th July 2015 and 4th October 2017 all the patients were subjected to genetic test, through Sanger method + NGS on EDTA-blood, so as to find out the BRCA 1/2 genes mutational status. Almost all the tests were carried out by the U.O.C. Medical Genetics Lab -A.O.U. Policlinico di Bari (Italy), while a few tests were executed in other Italian places. After the oncological treatment, all the patients were followed-up at our clinic.
Exposure
The term "founder" is used for those mutations where haplotype studies revealed shared polymorphic markers consistent with common ancestor, or when unrelated mutation carriers were repeatedly identified (at least 3 times). Some mutations previously described as founder mutations in one country, subsequently are found at a higher proportion in other countries/regions as true founders. These mutations in adjacent countries will likely reflect the gradient transition from the "epicenter" over the time due to historical co-existence of different populations in the same region.
Outcome Our study was characterized by different endpoints:
first of all, our aim was set to discover BRCAmutation carriers incidence in our population of Apulian patients affected with ovarian cancer, in order to compare it with the general population incidence (20%).
Then, we examined the mutations epidemiology, and examined the traits of the ovarian cancer including median age of onset, staging and grading at diagnosis and mortality rate, comparing the BRCA mutation-related cancer to the sporadic disease.
1. At last, we conducted survival analysis (PFS and OS) of the two sub-groups of ovarian cancer patients (BRCA+ and wild type), so as to compare the survival probability (through the Kaplan-Meier estimator) and to find out potential differences in the prognosis of the two sub-types of ovarian neoplastic disease. The analysis of the survival functions was then carried on only considering particular sub-categories, such as patients diagnosed in an advanced state or patients with high-grade neoplasms.
Covariates
The advanced stage of the neoplastic disease and the mutational status of BRCA pattern genes (wild type/ BRCAmut) are the variables (covariates) involved in the possible influence over the survival of the group of patients under investigation.
Statistical analysis
The software used for the survival analysis was XLSTAT ® . Kaplan-Meier analyses were used to determine OS and PFS, starting from the end of first-line chemotherapy to the date of last follow-up. Differences between the two groups (BRCA muteted and wild typre ovarian cancer patients) in OS and PFS were tested by log-rank tests. All tests with p values less than 0.05 were considered significant. Multivariate analyses were performed with the use of Cox proportional hazards regression. A twosided probability value less of 0.05 was considered to be significant.
